SeCURiTY 


ICADOftI  OF  J.HIS*WVS 


REPORT  DOCUMENTATION  PAGE 


lb.  RESTRICTIVE  MARKINGS 


4.  PERFORMING  ORGANIZATION  REPORT  NUIVIBER(S) 


6a.  NAME  OF  PERFORMING  ORGANIZATION 
Prof.  Jack  Hale 
Division  of  Applied  Math 


6c.  ADDRESS  (Oty,  State,  and  ZIP  Code) 
Brown  University 
Providence,  R.  I.  02912 


3.  DISTRIBUTION /AVAILABILITY  OF  REPORT 

Approved  for  mblie  releasb } 


5.  MONITORING  ORGANIZATION  REPORT  NUMBER(S> 

AFOSR  TR.  8  9-  0  022 


6b.  OFFICE  SYMBOL  7a  NAME  OF  MONITORING  ORGANIZATION 
(If  applicable) 

AFOSR/Niir 


7b  ADDRESS  (Oty,  State,  and  ZIP  Code) 

Building  410 

Bolling  AFB,  D.C.  20332-6448 


^NAME  OF  FUNDING /SPONSORING 
ORGANIZATION 


Sf/  ADDRESS  (City,  State,  and  ZIP  Code) 

Aiosn/m 


II.  TITLE  (Include  Security  Classification) 

Analysis  of  Dynamical  Systems 


OFFICE  SYMBOL 
(If  applicable) 

Arm 


ENT  IDENTIFICATION  NUMBER 


m 


.  SOURCE  OF  FUNDING  NUMBERS 


PROGRAM  i  PROJECT 


ELEMENT  NO;^  I  NO.  ,  I  NO  /I  ,  / 


WORK  UNIT 
ACCESSION  NO. 


IZ.  PERSONAL  AUTHOR(S) 


13a.  TYPE  OF  REPORT 

FINAL 


Jack  K.  Hale 


13b.  TIME  COVERED 
FROM  9/1/84  TO  8/31/8" 


m 


15.  PAGE  COUNT 


COSATI  COOES 


GROUP  1  SUB-GROUP 


18  SUBJECT  TERMS  (Continue  on  reverse  if  necessary  and  identify  by  block  number) 


19.  ABSTRACT  (Continue  an  reverse  if  necessary  and  identify  by  block  number) 

Hale  and  Lin  have  studied  extensively  the  problem  of  transverse  homoclinic  orbits  of 
periodic  orbits  of  functional  differntial  equations  (FDE's).  They  have  shown  that 
the  classical  symbol^,  .^ynamics  for  such  problems  in  finite  dimension  also  holds  for 
FDE's  (Hale  and  Linv{+]).  These  results  were  applied  to  two  examples  that  had  pre¬ 
viously  been  cindifered  by  Walther  and  an  der  Heiden  (Hale  and  Lin  [2]).  For^these^'--^ 
examples,  it  was  a  transverse  homoclinic  orbit  to  a  periodic  orbit  and,  thus  chaos 
occurs  and  is  persistent  under  perturbations  of  thr  vector  field.  The  latter 
portant  property  could  be  obtained  by  the  methods  of  Walther  and  an  der  Heiden.  _ 


.EL¬ 

IS' 


DO  FORM  1473, 84  MAR 


83  APR  edition  may  be  used  until  exhausted. 
All  other  editions  are  obsolete. 


SECURITY  CLASSIFICATION  OF  ~HIS  PAGE 


A^OSR.TR.  8  9-  0  022 

AFOSR  FINAL  SCIENTIFIC  PROGRESS  REPORT  FOR  YEAR  1984-87 

Grant  #AF-AFOSR  84-0376 
Jack  K.  Hale 

The  thrust  of  the  research  fell  into  three  categories. 

1.  Chaos  in  delay  equations. 

Hale  and  Lin  have  studied  extensively  the  problem  of  transverse  homoclinic 
orbits  of  periodic  orbits  of  functional  differential  equations  (FDE’s).  They  have 
shown  that  the  classical  symbolic  dynamics  for  such  problems  in  finite  dimension  also 
holds  for  FDE’s  (Hale  and  Lin  [1]).  These  results  were  applied  to  two  examples  that 
had  previously  been  considered  by  Walther  and  an  dcr  Heiden  (Hale  and  Lin  [2]). 
For  these  examples,  it  was  shown  that  there  was  a  transverse  homoclinic  orbit  to  a 
periodic  orbit  and,  thus,  "chaos"  occurs  and  is  persistent  under  perturbations  of  the 
vector  field.  The  latter  important  property  could  be  obtained  by  the  methods  of 
Walther  and  an  der  Heiden. 

If  there  is  a  homoclinic  orbit  to  a  periodic  orbit  for  an  FDE,  it  is  important  to 
know  if  there  is  a  small  perturbation  of  the  vector  field  which  will  lead  to  a 
transverse  homoclinic  orbit.  This  was  shown  to  be  true  by  Hale  and  Lin  [3].  The 
methods  are  new  even  for  the  finite  dimensional  case. 

Hale  and  Sternberg  [11]  haave  devised  a  new  numerical  scheme  for  determining 
if  chaos  is  the  result  of  the  creation  of  a  transverse  homoclinic  orbit  for  an  unstable 
periodic  orbit.  This  was  applied  to  a  specific  type  of  equation  for  which  chaos  had 
been  previously  observed. 

2.  Varying  diffusivity  and  boundary  conditions  in  reaction-diffusion  equations. 

Hale  and  Rocha  have  been  studying  extensively  systems  of  reaction  diffusion 

equations  and  attempting  to  understand  the  effects  of  boundary  conditions  on  the 
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flow  when  the  diffusion  coefficients  and  the  boundary  conditions  are  varied.  Hale 
[4]  has  extended  the  results  of  Conway,  Hoff  and  Smollcr  on  large  diffusivity  and 
Neumann  conditions  to  allow  situations  where  invariant  regions  do  not  exists.  For 
large  diffusivity.  Hale  and  Rocha  [5],  [6]  have  studied  the  effects  of  variations  in 
the  boundary  conditions  on  the  flow  on  the  attractor.  These  results  clarify  the 
concept  of  well-mixed  when  the  boundary  conditions  arc  not  of  Neumann  type. 
These  results  also  show  how  the  flow  changes  as  one  goes  from  Neumann  to  Dirichlct 
conditions. 

Hale  and  Sakamoto  [12]  have  studied  the  effects  of  boundary  conditions  and 
diffusion  coefficients  on  the  flow  when  only  some  of  the  diffusion  coefficients  are 
larger. 

3.  Singularly  perturbed  problems.  Hale  and  Raugel  [9],  [14]  have  studied 
extensively  the  relationships  between  the  attractor  for  a  singularly  perturbed 
hyperbolic  equation  and  the  corresponding  one  for  the  limiting  parabolic  one.  These 
results  give  a  method  for  the  comparison  of  flows  for  hyperbolic  and  parabolic 
equations  on  the  relevant  part  of  the  flow;  namely,  the  flow  on  the  attractor. 

Hale  and  Sakamoto  [13]  have  begun  the  study  of  the  existence  and  stability  of 
transition  layers  in  singularly  perturbed  parabolic  equations  uses  the  methods  of 
dynamical  systems.  This  method  extends,  unifies,  clarifies  and  simplifies  previous 
results. 
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